Antibiograms with 20 different antimicrobial disks were studied for antibiotyping of Bacteroides gingivalis isolates. The stability of the antibiotypes was tested by passage in mice. Several B. gingivalis isolates of the same subject were used to investigate the presence of different antibiotypes in one individual, while isolates from different subjects were used to investigate individual differences. The antibiotypes were found to remain stable after animal passage. Ail tested strains of different origin represented different antibiotypes. The Bacteroides gingivalis appears to be one of the most virulent microorganisms in relation to periodontal disease (11, 12) . Until now, little was known about the acquisition and distribution of B. gingivalis among periodontal patients, in contrast to another oral pathogen, Streptococcus mutans. Rogers (9) found that one type of S. mutans predominates in the mouth of an individual and that intrafamilial transmission of S. mutans occurs, especially from the mother to the child. In addition, Zambon et al. (14) found that patients with juvenile periodontitis harbored the same biotype and serotype of Actinobacillus actinomycetemcomitans as did their families.
Bacteroides gingivalis appears to be one of the most virulent microorganisms in relation to periodontal disease (11, 12) . Until now, little was known about the acquisition and distribution of B. gingivalis among periodontal patients, in contrast to another oral pathogen, Streptococcus mutans. Rogers (9) found that one type of S. mutans predominates in the mouth of an individual and that intrafamilial transmission of S. mutans occurs, especially from the mother to the child. In addition, Zambon et al. (14) found that patients with juvenile periodontitis harbored the same biotype and serotype of Actinobacillus actinomycetemcomitans as did their families.
So far, biotyping and serotyping of B. gingivalis is not available. Other methods to identify individual strains of microorganisms are antibiotyping and typing by mass spectrometry of volatile pyrolysis products (1, 2). Borst et al. (2) described a method for typing microorganisms by using antimicrobial agent-containing disks placed on seeded agar plates. After growth, the diameters of the inhibition zones were measured. However, the analysis was done by visual comparison of the data. The pattern of inhibition zones appeared to be specific for each strain. In a pilot study, this method was applied for B. gingivalis (7) . In the present study, the processing of the data was done by more advanced statistical methods. These methods were used as a means to identify different types of B. gingivalis in individual patients. The Netherlands. The strains were isolated from different patients with periodontitis.
MATERIALS AND METHODS
Cultivation. B. gingivalis was cultured in the BM broth of Gibbons and MacDonald (3) supplemented with 0.25% liver digest (Oxoid Ltd., London, United Kingdom) or on BM agar with 0.25% liver digest and 5% defibrinated sheep blood (8) . All culturing and dilution procedures were performed on prereduced media in an anaerobic chamber (Coy Laboratory Products, Ann Arbor, Mich.) at 37°C in an 85% N2-10% COr5% H2 atmosphere, unless indicated otherwise. The B. gingivalis isolates were stored at -80°C after addition of 7% (vol/vol) dimethylsulfoxide to 24-h cultures in BM broth.
Inoculation of mice. To study the stability of the antibiogram, B. gingivalis Ny 467 and Ny 469 were given an animal passage, as described by van Steenbergen et al. (13) .
Inocula (50 ,ul) of both strains, containing approximately 109 cells, were injected subcutaneously in the back of five 4-week-old male Swiss mice. Up to 10 days after inoculation, samples were taken from the lesions and cultured on BM agar under anaerobic conditions. Black-pigmented colonies were isolated and classified according to characteristic biochemical properties, including trypsin activity, fermentation of glucose, production of indole, esculin hydrolysis, catalase activity, and hemagglutination (5) .
Antibiotyping. With some modifications, the antibiotyping was carried out as described by Borst et al. (2) 24-h broth culture of the B. gingivalis test strain. Portions (6 as means, correlations, and variances. The total variance ml) of the seeded agar were poured into 9-cm petri dishes.
formed the basis for further analysis. The total variance of After cooling, the plates were transported into the anaerobic the antibiograms is the sum of the individual variances chamber, and one antimicrobial disk was placed on each within the strains and variances between the strains. plate. The whole procedure from preparation to incubation
In a correlation matrix, the coherence of the different was performed within 30 min. After incubation for 2 days, antibiotics in the antibiograms was calculated (see Table 2 ). the diameters of the zones of inhibition were measured in To reduce the illegible mass of correlations, the basis of millimeters.
these correlations was searched for by the principal compoProcessing of data. Antibiograms provided data that vary nent analysis, a form of factor analysis (see Table 3 ). by measurement and strain (see Table 1 ). The measurement From the results of this analysis, a two-dimensional characteristics of the data permitted the use of such statistics scattergram was constructed using the two factors found by (Fig. 1) . The scattergram plot provided by its two dimensions the basis for the assumption that each of the seven strains clusters apart from the others. The statistical evidence for this assumption was given by the subsequent discriminant analysis, which demonstrated that the relative distances between the seven strains were indeed statistically large enough to reject the null hypothesis that all (or even some) triplicates belonged to the same group. A 100% classification success was achieved by cross-tabulating the hypothetical group classification with the predicted group classification based on the predictive power of a linear set of the 14 antimicrobial agents. Further discriminant analysis showed that all tested strains of B. gingivalis could have been identified correctly with only four antimicrobial agents if the agents were chosen from both factors.
Samples were obtained several times from the subject harboring B. gingivalis Ny 467, and three more isolates were collected. B. gingivalis Ny 467 and Ny 467-1 were collected from the same site, but with a time interval of 6 months. Isolates Ny 467-2 and Ny 467-3 were collected from another site, also with a time interval of 6 months.
The scattergram of the in duplo-tested strains (Fig. 2 (2) with Pseudomonas sp. and upon a pilot study with B. gingivalis (7) . In the present study, 14 antimicrobial agents were shown to be important in the discrimination of the B. gingivalis strains. In this discrimination, two factors were important. One factor included the 1-lactam antibiotics; the other factor included the inhibition of protein or nucleic acid synthesis.
The two factors in the antibiotyping were highly correlated. For example, B. gingivalis OMB 8005-8 was very susceptible not only to P-lactam antibiotics but also to antimicrobial agents inhibiting the synthesis of protein or nucleic acid. It is speculated that the permeability of the bacterial cell wall underlies this correlation.
In antibiotyping of B. gingivalis, the statistical analyses proved to be of great use. The multivariate analysis techniques reduced the amount of data and visualized the relations between different antibiotypes of B. gingivalis by a linear map. In addition, the discriminant analysis showed that the B. gingivalis strains could have been identified gingivalis might make possible the study of the acquisition and transfer of this periodontal pathogen and raises questions about the biological background of this phenomenon.
